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By Norman S. Land and Jac--  Posner

T" ! -I-

Tests have been made in Langle-- tank no. 1 of a dynamic model
of t.e Consoli.dated '?ultee PM-3 a_r „:,lane. These tests viere made
using an alternate hull form, the ^ ,urnose of *hich v;as to reduce
the -.o.,v spray and elimirate the landing instability which are objection-
able features of the rroductior_ desi.pn. The major differences from
the ?.R2X-3 hull included a deeper ste, to improve the laldinr, stability,
anal. a leriathe:aed forebody and increased beam to reduce the s pray in
the ^r o°^e 1 ler s and on the f. lam s .

The tests shoi:ed that the srra.v characteristics of the revised
hull for-T i , ere --,uch better than that o^' the >>roduction design. In
addition tl-e take-off and landing- s'- .a! ility of the ,rodel with the
alternate r:ull were satisfactory.

IYTRODUCTIOIN

The tests described in this report sere made to determine the
hvdrody'_laiaic characteristics of a r,ro » osed alternate form of hull
for 'che Consolidated Vultee FB2,7- 3 airp lane. This hull was designed
to eliminate ,he r.ore objectionable landing instability inherent _.n''
the rroduction design of the air p lane, to reduce the toii^ s-),-ay,- and
to im-rove the take-off stability at forAard ;positions of the center

s^
o^. gravity.

The rra;or differences from the FB2X -3 air •^lane include a deeper
ste p to im:)rove the landino stability, a len ^thened forebody and
increased bee.^n to reduce the s pray- in the nro gelle.r and on the flaps,
and a more forward position of the .-i)ain ste p . The lines for the nev.
hull ,4cre derived from. a streair.line bod-^r of revolution.

CLASS It 160 ” At CRiicetlEi^
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Tests of a 1/3-size model were made to determine the take-off
and landin g, stability and the spray characteristics at gross loads
corresrondimg to Von, 86,OC'0,and 96,000 hounds, full size.
Comparisonsare made with similar results for a 1/8-size model of the
nroducti. on e si gn (Lan7ley tarok rode!  165) and for a 1/6-size r._ode l
of the orod ction design with increased leD;th of hull (Lansley tank
model 165ti-- ) .

These tests were requested by the Eureau of reronautics, ::avw,,,,
Dena.rtment In their letter to the Committee, Aer-E-23-0, C-0903,
C-32183, VPKY-3013-1, C5414 of :s.arcr 16, 1903, and were made in
Langley tank no. 1 durin? Se p tember TO

DESCRIPTTOT O v PODEL

The model, designated in the Tangley tank as model 16 1, is
a 1/8-size, rosered, dynamic model of a modified PRY-3 airplane.
The model was designed and cor struoted at the Langley Laboratory.
Imnort nt dimensions of the model are ^iven 1" Table T, together with
the diversions of a subsequent modification, designated model 161!•_-1.
Photogra phs of models 161 and 161A-•1 are shown in figure 1. A body
elan of model 161A-1 is shohn in fi gure 2.

The dimensions of a 1/8-sizE model of the n_roduction desi gn of
the .?T2Y• T (model 165) an those for the same Model with lengthened
hull (model 16YA-1) arF also included i " table I. A comrlete
descri p tion of these models is given in reference 1.

odels 161 and 161A-1 are comvared in figure 3, models 161A-1
and 165 in f aure 4, models 1011--1 and 16OA-1 in fi Eure 5, and
models 165 and 165A-1 in fi gure 6.

The wing , nrone1lers and proneller rlade angle of models 161
and 161A-1 were the same as those oY model 166. A singlo *ail
arrangement was used instead of the twin ta? 1 arrangement of
the PB27-3.

AWAR0 T S Airy DROCED7RE

Aerodyna:;i c test s.- The effective; thrust was measured at constant
speed v ,ri_t"Z t10 model in the air at a trim o r 0 0 . The effectivE. thrust
of node! 1012--1 with a n_ronc: llcr bl.adw arc_ lei of 8 0 at 3/4 radius and
an rpm of 6900 is shown in figure 7 togcth v r aith the scale thrust for
the full size FB2Y -3. ! See refcronc^ 1.)

CONFIDt=_:'i IAL
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The aerodynamic lift and -itc')in. 7. ro:nents With and -hithout pov;er

were measured vith the model in the air at a height above the crater
sufficient to allow cleararce at a tri g_ of 1C °. The .aodel wa.s towed
at a constant speed of anrroxirr ate Iv ^6n feet ner s c.cond. ?.erodvnamic
lift a-ad oi_tching-mo.i.ent coefficie ,•,its are rre ented in figures e. and 9.
The nitchi .e; ;r P oments are referred to a loce.tic.l of the center of
grav i ty of 2LF rercent mean aerodynxmi c chord. The stabilizer was
set -60 to the base line. : ith this setting

-
the aerodynamic ritehing-

maci-ent cor;ffi ci.ents, v ith neutral elevators, annroximated those of
model 16^, reference 1.

Pardrodytoanic tests.- The trim and total resistance of model 161A-1,
vii thous _)o ,er, were measured at the design load, A i th t-VVo elevator
s(Ftti.r • s, for sr.eeds un to tal-e-off. The trim limits of stability
were deter:;i.i•ned at constant sne-eds to take-o"f. ( The uefini.tion of,
and net:.od for determinin g these li'r::its, are given in reference 2.)

The variation of trim r+ith seecd during take-off at various
rosi.ti_ons of the center of e•ravity .!as deternined at a constant rate
of acceleration of	 l foot oer second ner seco-d. ThE tests were
made at three gross loads and thre•_- deflections of the elevator.
The loads tested and the comes .ondin g full-size loads are ? • ivcn i.n
the fc l lo re , inn table

'a ode1 load	 Tull.-size load

	

(1>)	 (lb)

	

147.5	 !	 70,000

	

166.5	 1,E, 00.E

	

1:=6.o	 a6,o0o

From the t.oim tracks the variaUcn of iraximvri aTnlitude of norroising
Witt :`OS:tt_0i1 of center of aravitir was de-Vrf:Aned for the three Fross
loads at :aeutra 1 anal -25° e levators ( takine; ::e_.utr3 1 e lcvators for
f:reard rositi.cns of tti;c n.enter of ^-ravity and -25 0 , levators for L.fter
^osi_tio.s ^f L-hc center of oravit;,). vrom_ this, the variation of range
of stable 7ositiors of +h.: ce__tEr ^r ravity ti>>itlk chansc in Noss
1 ^ad w Ls de-t '3-.-ri.'ned, aszuTG?.r ,.-. 20 t:TP' Iitude of -or -Coi sin— as the
a-c^,n_tahle condition.

Sti ll and notion p ictures v.er: taken c" t1he bo-vr spray at var ious
loe,as and s":=_ds.	 111E bc-'j .vior of tis nodcl	 w,5s
r -co.rded by :.aot.;.on oictures.

C:''.'srH TIAT



	

CO`TIDE-. TIAL	 NACA RT.' No. L6126

'2 'aTLT2 AN D D M SSI` N

During nrcli^-ina.rti tests of model 161, violent u-ner-limit
nor-co; sing was ercourtered. it v:as found th-t if the -orroising: was
allot•ed to Duild up to a sufficiently la.r,e a;.:olitude, the model
rorooi.sed	 t:•een the u ,nrer and lcir̂ rer trill_ liirits and re sovery by
use o' th.^' l vators was not aL^.-ays possible. An lu;desirable flow
of vVate:: ovr the tail extension r .s :toted ,:riY' land inv_s, and at
lardir_T tr • i,_s ahove lo o the : y odel en..-,o,:ntered -the upper trim limit
and oornoi s	 Ar_ increase in the der.)-th of stet, did riot elirr_inate
these u:ades rule characteristic-. and .further tests on model 161 V,ere
disco.tinue I . 'r;-.e afterbody and ta_.1 exter.sicl of model 161 were
moth_-:'ied an F preliminary tests to Bete-ri ps a satisfactory death of
seer 'rreie m de. The final	 shoc,n in fi gure 1, was
desigq-:aated ks model 161A-1, a-d rorn.^-lete tests were rrade with this
rnoda 1.

Charac e istics of model 1=1A - 1.-- Photographs of the sr-ray in
the mope] t^rs^or riodel ^clti-1 for three gross loads are shorn in
fi.Ture 10, The speeds at which znra?r enters and :'_ears the r_^ro ­ ellers
for ,carious gross loads is shown in fi;-ure 11. The s^ray character-
ist__cs of t _a irodel :ere considered to be satisfactor' uo to the
hea-?i.est load tested, wl-_ich corresnoz-^ds to a fall-size :^ p ass load
of	 ,IC3	 ands.	

_.

The vaiation of trim with s peed at three -,ross loads and three
elevator se tings vAth several center -of gravity locationsis shown
in f i ai^re 1 . The vari.atio-.I of the _naximui- .mrli.tude of -^or^oising
wi_t:il rosin .a of the ocr^tr of '«ra,- i 	 .or the three Bross loads
tested is s .ov;n in figure 13. The var?a ;ion of the range of stable.
nosi tiors o -the center of 7ravit y o.ith chu!irce in rross load is shown
in fi g,ure	 From this fia-ure it can be seen that at a gross load of
7c,000 ,noun"s, stable take-offs wit'r_ neutral elevators 6vere possible
at ^osi.tior! of the cer..t Er of gravity aft of 26 percent :.i6an aero-
dynamic chow, and with ur-, Elevators at -ositions of the center of
ara.vi t ? ford xrc of 20 percent.

Yocel 61A-1 was stabl: cr, landiac, and the death of ste p was
considsred atisfat^tory with regard to both stability and resistance.
T'Ie trlir_ limits of stability for model 161A-1 are presented in
fig :ire 15. The resi,tance and trim of model 161A-1 at the dEsign
load a d at tvo elevator settinTs are rre seated in figure 16, together
v;ith simila data for model 165A-l.

	

Coroarkso-n of m odels 1: 1L ­ 1, 1".15 and	 From otscrvation
and stu^l^ o ^rotograrhs it a^r.ui t : Wt^tl:^ sore. through the nrorellers

C0^ F IDS:4TIAL
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of rvodel 161k.-1 is much lest severe than the s pray throu7,,h the nro^ellers
o" !y odel 1a5. The srra ,,- t 1-ro lzch the rrorelle-cs of -„odcls 161.A-1
a;:^d.l x lis a •̂ - roxir ately the sam. lin volume and duration.

"ompar .so:^s of the ra:.t#e of stable roslt)_ons of the center of
Fra'crit,t ti.Jtn. 97ross load for models l;ilh -.L and lt^j^r.l is nresented in
fi gure 14. The rar-e of stable. rosi-%.io; s of the center o” eravity is
fur-tter forivard for mcdel 1 1. 1 than for ..odc1 1 	 -Aithin the
accur` (.-_, of the tests. th.e srread ')et'r,een the Porb`aar4 and aft liii-ts is
an ,rp ,;.r,.tel.,r +-he same ',)r both ;:yodels.

It ca.n be seen from fi7ure 16 that at hu ^ snecu the resistanoes

and tri:--rs of models 161.,-1 anu 1`5. 1 are ar-rox?rratel-y the same. At
s,-)eeds ' evo:^d the hoiNe^jer, t..ey are h !nccr for -r.odel titan
for :model 16r;;'r•-l.

C^'::L'r cIOT'?S

1. The s-,ray characteristics .o{ model 1 11.-1 ,sere sati sfc , ctory up
to a Load corresrondinF to	 full-size ;dross load , of x .,00 rcunds.
The s_ra._ J ti.souoh the rro ,.Dellers of rodel was .r^uch less severe
than -thF s pray thr ou^ •h the nrore ller s of _r:ode 7. k5, and aorroxirate' ly
the same as the srrav throu^7h the - r^^:ellers 'of model 1651i-1.

2. At a. load corresnoldin^r to a fu..11-size ?ros y load of 76,0._0
nounds s -.able ta^;e-offs of model l 1._ 1 v:ith .neutral elevators were
,)oss . ].e at rositio.s of the center of nravitT aft of 26 oer^ent mean
aecod z na;nio cb.ord, acid -vOth ue elevators at uositions of the center of
gravity f'ori:^a.ra of 2' neroent. iiie ra l^.Lae of stable positions of the
ceut-er of Zr^av ty tiaas furthcr for-. a.rd for yodel 1'.LL-1 than. for model
1c5A--1, a:Ld the extent 	 :as anproxi_r..ately the rani,;.

3. 2°_odel 1.61A-1 vas stable on landinf, as vjas mode'_ 165A-1.

CO FIDZi'TIAL
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1+. The 'rxr o resistance of model 161A-1 was an-^r oxi mate l the same
as that of me .el lE ! 1, but at sreeds t eirond the humn, t're resistance
of model lbh.^-•-'. was g reater tFan that of model 165A-1-

?angley ?e: rial Aeronautical LaLoratorr
patio 1 ..dvi.sory Com,:.ittee for YeronautA"cs

n • le, Field, Va .

/r	
0

Borman	 ?,ard
Aeronautical Engineer

Jack Fosner
1?echanical Engineer

7/ 	 J/

-John F. Parkinson

of of	 F.esearch Division

CJB
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TABLE I

Model Model P.^ode 1 Model
161 161A-1 165 165A-1

Hull:
naximum beam,	 in. 18.76 18.76 1 5.75 15.75
Beam at ster,	 in.	 .	 .	 .	 .	 .	 .	 . 18.16 18.16 15.75 15.75
Angle of dead rise at step, deg 20 20 22.5 22.5
Angle of forebody keel, 	 de	 .	 .	 .	 .	 . 1.3 1.3 1.0 1.0
An,rle of afterbody kael, deg 5.7 5.0 6.25 6.25
LengtY^ of forebody,	 in.	 to centroid

for models 	 165 and	 165A-1	 .	 .	 .	 .	 . 57.79 57.79 46- 36 57. 32
Length of afterbody,	 in. to centroid

for models 165 and 165A-1 40.- 6 40.3 6 35.20 43.72
Length of forebodv to point of ste-(.,,in. ---- ----- 49.39 60.35
Length of afterbody from roinr o 

step,	 in.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 32.17 40. 69
Over- all lenph,	 in.	 .	 .	 .	 .	 .	 .	 .	 .	 . 139.50 139.50 118.50 130.90
Length-beam ratio	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 5.23 5.23 5.18 6.12
Forebody-afterbody ratio	 .	 .	 .	 .	 .	 . 1.13 1.143 1.32 1.31
Tyne	 of	 step 	.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . Trans. Trans. 30 0 -V 300 -V
Depth of stop at centroid, percent

beam	 .	 . ----- ----- 3.2 7.2
Depth of step at keel, rercent beam 8.0 10.7 5.5 9.7

Wine ( same w i nk used for a l
l models)

Area, s 	 ft . . . . . . . . . . . . . . . . . . . . 	 27.8
Span, in. . . . . . . . . . . .	 . . . . . . . . . 172.5
Root chord, in . . . . . . . . . . . . . . . . . . . 	 30.0
Tip chord, in.. . . . -1. . . . . . . . . . . . . 	 16.5
Angle of wing settin?, dc: .	. . . . . . . . . . . .	 3
L.;ngth, :Wean aerodynamic chord, in. . . . . . . . . 24-Z9

Propellers ( same prorell ers used fci.r _ill modelsl
Diameter, in.	 .	 19.5
T^.npber of pr ooe l ler s	 . . . . . . . . . . . . . . .	 4
Elades per nroreller	 . . . . . . . . . . . . . . .	 3
Fitch at 3/4 radius, deg . . . . . . . . . . . . .	 8,
Thrust line, angle to base line, deg . . . . . . .	 0

NATIONAL ADVISORY
C012: IITTEE F',)R AERONAUTICS
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FIGURE LEGENDS

Figure 1.- Models 161 and 16lA-1. Side-view photographs.

Figure 2.- Model 161A-1, body plan.

Figure 3.- Yodels 161 and 16lA-1.

Figure 4-- ietode 1 s 161A-1 and 165.

Figure 5.- Models 161A-1 and 165A-1.

Figure 6.- Models 165 and 165A-1.

Figure 7.- Model 161A-1. Effective thrust at propeller speed
of 6900 rpm. Blade angle, 8 0 at 3/4 radius; trim 00.

Figure 8.- Model 161A-1. aerodynamic characteristics with power
off; 6f = 20 0 ; 6a = -60.

Figure 9.- Elodel 161A-1. Aerodynamic characteristics with p ower on.
Blade angle, 8 0 at 314 radius; 6900 r pm; 6f = 20 0 ; 6s = -60..,

Figure 10.- Model 161A-1. Spray 1-a propellers. 20 0 flaps; 0 0. elevator

(a) Speed = 7.5 fps

Figure 10.- Yodel 161A-1. Continued.

(b) Sneed = 10.0 fns

Figure 10.- Model 101A-1. Continued.

(c) Speed = 12.5 fps

Figure 1.0.- model 161A-1. Continued.

(d) Sneed = 15.0 fps

Figure 10.- Model 161A-1. Continued.

(e) Sneed = 17.5 fps

Figure	 Model 1615-1. Cone iuded.

(f) Speed = 20.0 fps

CONFIDENTIAL
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FIGURE LEGENDS - Concluded

Figure 11.- Model 161A-1. Speeds at which spray enters and clears
the rrorellers at various gross loads. bf - 20 0 ; be = 00;
propeller speed 6900 rpm.

Figure 12.- Model 161A--1. Variation of trim with speed for various
elevator deflections and positions of the center of gravity.
Propeller rpm 6900; bf = 20 0 ; Se = -60.

( a) Ao = 1147.5 7.b

Figure 12.- Model 161A-1. Continued

(b)8 0 =166.5 lb

Figure 12.- Model 161A-1. Concluded

(c) A o = 186.0 lb

Figure 13.- Models 161A-1, 165, and 165A-1. Variation of maximum
amplitude of norpoising with position of center of gravity,

6f = 200.

Fi gure 14.- Models 161A-1 and 165A-1. Variation of stable range of
center of gravity positions with gross load. bf = 200.

Figure 15.- Models 161A-1, 165, and 165A-I. Comparison of trim
limits of stability, Ao = 147.5 pounds; Sf-= 20 0 ; propeller
rpm. 6900.

Figure 16.- Models 161A-1 and 165A-1. Free-to-trim resistance without
power. Ao = 10.5 -pounds Sf = 20 0 ; center of gravity 28 percent
mean aerodynamic chord.

CONFIDENTIAL
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Figure 1.- Models 161 and 161A-1. Side -view photographs.
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A o = 147.5 lb. z = 3.50
	

Do = 166.5 lb. T = 3.60

Power on	 Power on

A o = 186.0 lb. T = 3.40	 Ao = 186.0 lb. T = 5.00

Power on	 Power off

(a) Speed = 7.5 fps	 CONFIDENTIAL

Figure 10.- Model 161A-1. Spray in propellers. 20 0 flaps; 0 0 elevator
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LANGLEY MEMORIAL AERONAUTICAL LABORATORY - LANGLEY FIELD. VA .



7

^a	 AIL -Aw i

r	 a

... ..	 ... .	 ... ..

CONFIDENTIAL

A o = 147.5 lb. T = 4.80

Power on

Ao = 166.5 lb. T = 5.10

Power on

z
n
a

z
0

r
rn
nHn^^lv
rnA 0 = 186.0 lb. T = 5.0 0	Ao = 186.0 lb. T = 7.50

Power on	 Power off

(b) Speed = 10.0 fps	 CONFIDENTIAL

Figure 10.- Model 161A-1. Continued.
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Fi gure 10.- Model 161A-1. Continued.
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Figure 10.- Model 161A-1. Continued.
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Figure 10.- Model 161A-1. Continued.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS



Rpm ":-
i

IIV
•	 •	 •	 • •

CONFIDENTIAL

D 0 = 147.5 lb. T =
	

D o = 166.5 lb. T = 8.50

Power on
	 Power on

A o = 186.0 lb. T = 9.5 0 	Do = 186.0 lb. T = 12.80

Power on	 Power off

( f ) Speed = 20.0 fps

Figure 10.- Model 161A-1. Concluded. 	
CONFIDENTIAL

z
a
n
a

z
0

r
rn

N
rn



...

0 00

NACA RM No. L6I26

.III.



NACA RM No. L6I26

IDENTIA

•

•

NATIONAL ADVISORY

MMITTEE FOR AEROMAUTI

CONFIDENTIAL



NACA RM No. L6I26
000 0.

DENTIAL

•
0000•
•

0000
. . .

••.
0000.•

CONFID



.000

.•

NACA RM No. L6I26



Is	 a

NACA RM No. L6I26

...



.. . .... .	 ... 1^,..	 .	 . .. . ..	 .

...	 .. ... . ...	 ..

z
a
na

r
rn

N
rn



NACA RM No. L6I26


